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ABSTRACT 

ith and without backflow from the pump discharge lines. Max- 
surge peak heights were 5.4 ft for complete rejection of the 

ammum discharge plus 20070 backflow, 4.5 ft with 150% backflow, 
and 1.9 ft without backflow. Velocities of propagation were 20.7, 

e. flow discharging over .the weir were measured. The undular 
of.the surge wave-was analyzed and several comparisons were 

e withtheory. A 1:10 scale sectional model was used to develop 
e ,weir.crest shape. 
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PURPOSE 

These studies were, conducted to determine the magnitudes and veloc- 
ities of surges developed in the canal system following rejection of 
flow at the pumping plant, and t o  investigate a proposed method of 
alleviating the surges. 

CONCLUSIONS 

e tension and viscosityaffected the flowover the weir for 



s of the surge wave but had no effect on theaveragebore 
13, a t  Station 302,3, Delta-Mendota Canal, Figure 2, 

e wave at. approximately double its previous height. 
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INTRODUCTION 

ortion,of the Delta-Mendota Canal if the flow to the Forebay Pump- 
Plant was rejected due to pump stoppage caused by malfunction or 
er 'failure. 



ce-free operatio 
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the inverted siphon at Station 3002+50, and a section of 





surge with a height of 0 . 7  foot was propagated upstream in the Delta- 
MendotaCanal, a positive surge of 0.6-foot height traveled downstream, 
and a small negative surge was reflected back toward the pumping plant 
in the Forebay Canal. Thesurge heights in the Delta-Mendota Canal 
were measured at the canal centerline. 







Backflow from the Pump Discharge Lines 

of the model study; however, i t  was possible to describe the oper- 
in general terms and to estimate the characteristics. 

immediately after power failure, a short period of time is required to 
overcome the forward inertia of the impellers and allow for acceleration 
of the .backflow to the maximum rate. Upon power failure, it is assumed 
that the impeller vanes will begin to move to a feathered position. , Under 
a head of 50 feet, the corresponding total backflow volume for six units 

ondition that could occur 



ho = initial head in tank at t = 0, 

.hi ='head in-tank at later time t, 

At = area of,tank, 

a = area of orifice, and 

g = accaleration,of gravity. 

percent of the-maximum pumping discharge. At the feather 
-(minus . 5 O  vane angle) the maximum backflow rate would 
fs for. sixunits, ,.which is;only-about ,I5 percent of the 



If power interruption occurred during turbine operation, the reverse 
speed of the pumps would be controlled by the siphon and the backflow 
-rate of 3,700 cfs would continue to prevail. If the siphon breaker 
actuated and the discharge lines were allowed to drain, the maximum 
rate of backflow would again be .about 3.700 cfs according to the manu- 
facturer's tests. 

1,500-footweir between Stations 3+50 and 18+50 

The initial tests had indicated that the weir could be reduced in length 
while still maintaining adequate attenuation. Since Figure 7 indicates 
that .a 1,500-foot-longweirwil1produce a residual surge height of about 
1.2 feet, i t  was  decided to determine the:effectof a 1,500-foot-long 
weir between Stations 3+50 and 18+50. 







s pre'viously: described, the initial wave, upon reaching the turnout, 
as  .split into three component waves. Surges were propagated both 
stream and downstream 'in the Delta-Mendota Canal and a negative 
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Other Observations 

perpendicular to the canal .centerline. 



ow conditions,..since the wave heights at each section were 

theoretical c 



the most important relationship in,the study ofsurges in open 
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of'(1) the relatively small scale modelWwhich resulted in extremely small 
changes in wave height, and (2) the uncertainty that.the wave-had become 
fully developed at the measuring stations. Sandover and ZiepkiewiczSG/ 
state that fi'idion haslittle effkct .on the height of the initialpeak, af fz t -  
ing primarily the ;roughs and distance, between peaks (wave length). A 
straight prismatic channel, longer than that available for this study, 
would be necessary to properly evaluate the attenuating effects of friction. 

andover q d  Zienkiewicz present equations for the,change in the~undular. 
rofile and the attenuation of the oscflation peaks. After the oscillation 



gency -operation. 

A 1:10 scale model of a 25-foot-long section of the weir was installed in 
a glass-sided flume. Observations of wave reflecting characteristics 
and measurements of the discharge coefficient were made for various 
configurations. Tests were first made on the original profile as  installed 
in the' 1:48 model. This ,profile and its approximate discharge coefficient 
.are shown ,in Figure 19A. The-.original .shape was modified by extending 
the crest horizontally upstream to provide a 6-inch vertical wa l l  for 
reflection bf wind waves, Figure 19B. This change resulted in a lower 
.discharge coefficient and inadequate discharge capacity. 

rofile was further modified in an attempt to increase the discharge 
cient by including a 12-inch-wide notch at the normal canal water: 
ce, which is 6 inches below -thenweir crest. This modification pro- 

onsshow. that for:a he 
e same discharg 























SAN LUIS SIPHON 

SAN LUIS FOREBAY CANAL 
SURGE STUDIES 

1:48 Scale Model 

Model Configuration 



Figure 5 
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A. Wave probe and recorder B.  Capacitance wave probe 

C. Oscillograph recording of 
wave forms 

SAN LUIS FOREBAY CANAL 
SURGE STUDIES 

1:48 Scale Model 

Model Instrumentation 



Figure 6 
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SAN LUIS FOREBAY CANAL 
SURGE STUDIES 

1:48 Scale Model 

Backflow Device 

























SAN LUIS FOREBAY CANAL 
SURGE STUDIES 

1:48 Scale Model 

Surge Wave for Rejection of 4,200 cfs 
Plus Backflow of 6 ,300  cfa 

Note breaking leading edges 
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Figure 22 
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SAN LUIS FOREBAY CANAL 
SURGE STUDIES 

1:10 Scale Model 

Waves Impinging on 
Recommended Weir Profile 




























